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TRAVEL TIME CALCULATIONS AS FOLLOWS:

HOPLAND

CLOVERDALE

HEALDSBURG

WOHLER

GUERNEVILLE

Distance from the Forks of the Russian River to Hopland divided by the speed at Largo.
TvoTe = 19.2 mi. /5. (Largo}

Distance from Hopland to half-way point between Largo and Cummiskey
divided by the speed at Largo, plus half-distance between gauges divided by
speed at Cummiskey, plus distance from Cusmiskey to Cloverdale divided

by the speed at Cummiskey.

TvaTs, = 1.7 mi./5.(Largo} + (b.b mi.+6.7 mi.)/S. (Cummiskey)

Distance from Cloverdaie to halt-way point between Cumeiskey and Healdsburg guages
divided by the speed at Cummiskey, plus half-distance between gauges divided

by the speed at Healdsburg, plus the distance between Healdsburg guage and 101
bridge divided by the speed at Healdsburg.

Tv.Tm, = 10.8 mi./ 5. (Cummiskey) + (17.5 mi.+ 2.2 wi.}/5, (Healdsburg)

Distance from Healdsburg 101 bridge to half-way point between Healdsburg and
Hacienda Bridge gauges divided by the speed at Healdsburg gauge, plus the distance
trom the half-way point to Wohler bridge divided by the speed at Hacienda.

Tv.Tm. = 4.5 mi,/S{Hacienda) + 3.4 mi./S. (Hacienda)

listance from Wohler bridge to Hacienda Bridge pauge divided by the speed at Hacienda
plus the distance from Hacienda to Guerneville divided by the speed at Hacienda.
Tv.Tm. = 3.3 ai./5, (Hacienda) + 6.2 mi.)/5, (Hacienda)



Table E.1. Summary of cummulative travel times calculated by various
methods for the Russian River betwesen Hopland and Guerneville.

Cummulative time from Hopland to:

Discharge Clovdl. Hldsbhg. Wohler Grnovl.
218-313

Measured 17.8 a8.2 &£3.8 Th 2
4@

Flood 11.7 F1.9 78.6

Regressed 11.3 9 il 48.8@ &0 .2
18ae

Flood 8.4 22 . Sha 3

Eve Fit 7.3 27 B 35.9 81.7

Regressed 8.1 27.7 4.0 4%.@
et lrlrd

Flood b i8 463

Eye Fit 5.4 19.9 28:7 352

Regressed &H.4 215 26.2 3.3

Form.l 8.0 21.2 24,2

Form.2 8.8 21.4 24 .4

Travel times using velocities for discharges during HCHO spill X

Ficked 6.8 oo 27 .9 E4 5
Regress. &H.8 22.0 26.6 32.8

4@HDG

Flood 5.2 18.8 8.4

Regressed 5.0 146.4 202 25.8
&HBHE@

Flood 4.7 14.8 34,4

Eyve Fit 39 1%.4 16.7 21.4

Regressed 4.3 14.1 17 .4 22.3
g

Flood 4.2 2.9 35 B

Regressed o 12.6 18.6 2@.a
16, 868

Flood .8 11.9 @ .9

Eve Fit 3.8 1.8 14.2 18.8

Regressed Bt it1.6 14.73 18.8
1%, 0608

Eve Fit .4 1@.4 12.46 15.8

Regressed Fad 16.@ 12.4 16.@
2, 0B

Flood 2.8 2.7 259 2

Eye Fit s Pl 117 14.7

Regressed 2.9 Z.@ i11.2 i4.4
4, BHD

Flood 2.3 8.9 23

Regressed 2.3 7wl 8.7 11+3

Flood - U.5. Aray Corps of Engineers’ data

Eye Fit - best curve fit-by-eye through raw velocity data

Regressed - Root function curve obtained by least squares regression

i Travel tises calculated using velocity rates corresponding to various discharges during formalin

spill. {Discharges averaged over time of two peaks.)

Hopland: discharge rate = 128@; speed = 2.2
Cloverdale: discharge rate = 1788; speed = 2.2
Healdshurg: discharge rate = 2808; speed = 1.9
Guerneville: discharge rate = JB@@: speed = 1.3



fravel times caiculated from regression curve speeds.
Gpeeds are from tractional exponent curve forced through 0,0,

Forks

Vichy Spaos.
Rus,Rv.Est.
Largo Gauge
Hopland
Cummiskey
Cloverdale
fAsti
geyserville
Soda Rock Ln
Rig Lindo
Healdbg. Go.
Heald. 101 Br
Foreman Ln
Wohler Br.
Mirabel Pk.
Cooks Bch.
Hacienda Br.
Guerneville

Forks

Vichy Spgs.
Hus.Rv.Est.
Largo Gauge
Hopland
Cummiskey
Cloverdale
Asti
Beyserville
Soda Rock Ln
Rio Lindo
Healdbg, Ga.
Heald. 101 Br
Foreaan Ln
Wohler Br.
Mirabel Pk.
Cooks Bch.
Hacienda Br.
Buernevilie

1000

2000

6000

FERERREREEEERERERRRRRER FRERRRRRRERERREEREREREE RERERREREERRRREERERERER
Speed Tv.Tm. Cum.Hrs.
{MPHI (Hours)

Mi.Fks. Speed Tv.Tm. Cum.Hrs,
{Hiles) (WFH) (Hours) (Hours)

0 0 0
3

11.9

143 1.9

19.2 10.1 10.1
21,5 1.84

34.2 8.1 18.2
38.3

4.1

0.3

38.4

0Z,3 1.44

64.7 19.0 37.4
6d. 6

12.6 6.3 44.1
73,85

74.8

75,9  1.06

8.1 7.0 3.1

10000
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Mi.Fks. Speed Tv.Tam. Cum.Hrs.
{Miles) (MPH) (Hours) (Hours)

] 0 o

1.9
14,3 3.97
19.2 4.8 4.8
1.5 4,22

44.1

30.3

58.4

62,5 L4

bk.7 8.0 16.4
b3.6

72.6 2.7 19.2
73,89
74.8
75.9
82.1 4.1 23.3
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o]
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Speed Tv.Ta. Cum.Hrs.
{MPH} (Hours)

[ )
-

€
-

2,36

1.90

1.34

8.1

0.4

4.9

4.9

1.1

153000

{Hours)
i}

B.l

14.5

29.4

343

41.4

1,93

9.8

b
-
b

4.9

20000

{Hours!
0.0

19.8

23.1

28.0

SRFREERRERRRRERRERHEREE RN REREERRARRRRARREE

Speed Tv.Tm. Cus.Hrs.
(MPH} (Hours)

3.99

4.80

4,23

2,62

0

4.8

6.9

2!4

E-4

{Hours)
0

20.8

Speed Tv.Tm, Cum.hrs.
(MFH) (Hours)

2,89

0

6.4

2.1

P
.
r»

{Hours)
0

4.8

1.7



Additional travel time calculations from regression curves

SITE

Forks

Vichy Spgs.
Rus. Rv.Est.
Laroo Gauge
Hopland
Cummiskey
Cloverdale
Asta
Geyserville
Soda Rock Ln
Hio Lindo
Healdbg, Gg.
Heald. 101 Br
Foreman Ln,
Wohler Br.
Mirabhel Pk
Cooks Bch
Hacienda Br.
Buerneville

SITE

Forks

Vichy Spgs.
Rus.Rv.Est.
Large Gauge
Hopl and
Cunmiskey
Cloverdale
Asti
Geyserville
Soda Rock Ln
Rio Lindo
Healdbg, Gg.
Heald.101 Br
Foreman Ln.
Wohler Br.
Mirabel Fk
Cooks Bch
Hacienda Br,
buernevilie

Mi.Fks.
(Miles)
4

Mi.Fks.
{Hiles)
0

3
11.9
14.3
19.2
7.3
34.2
38,33
44,1
0.3
8.4
62.3
64.7
b3.4
12.6
73,85
74.8
13.9
82.1

400
R R R

Speed  Tv.im. Cum.hrs.
(HPH) (Hours) (Hours)
1] 0

1.42
13.5 13:5

1.32
11.3 24.8

i
27.9 32.7
8.9 61.5

0.78
12.2 13.1

8000

FERREERERERERRRRRERERER

Speed  Tv.Tm. Cum.Hrs,
{HFH)  (Hours) (Hours)
0 0

3.69
3.2 3.2

3.89
3.9 91

3.3
B.7 17.8
3.0 20.8

2.13
4.5 25.7

E-5"

4000
HHER R R RS

Speed  Tv.Tm. Cum.Hrs.
(HPH) (Hours) (Hours)
0 G

2,96
615 6-5

3.03
a0 i3

2.3
11.4 23,5
3.6 26.7

1.69
3.6 32.3

40000

FEERERERRRRRERERFREREIE

Speed  Tv.Tm. Cum.Hrs.
(WFH}  (Hours) (Hours)
] 0

3.97
4.8 4.8

6,93
2.3 1.2

b, 24
§,7 1.5
1.7 13.5

3'64
Z.b 16.2



iravel times calculated using speeds from best eve-fitted curve,

1000 2000
FERERFREHERFREREREEE FRERERERRREERRERENRE
Mi.Fks. Speed Tv.Tm. Cum.Hrs, GSpeed  Tv.Ta. Cum.Hrs.
(Hiles) (MPH} (Hours} (Hours) (MPH) <(Hours) (Hours)

Forks of River ¢ ] 0
Rus.Rv.Ests, 11,9

Largo BGauge i4.3 2 2.7

Hopland Br. 19.2 9.6 9.6 7.1 7.4

Fieta Creek 24,2
Cuemiskey Sta. 27.§
Cloverdale 34.2 7.3 17.1 3.6 12,7
Asti Rv.Rd.Br. 38.35
Geyserville 44,1
Soda Rock Ln.  50.3

(50
-
-
-4

Rio Lindo 58.4

Healdbg, Gauge 62.5 1.4 1.9

Heald.101 Br.  64.7 19.5 36,6 14.4 27.0
Wohler Br. 72,6 8.9 45.5 5.8 3z.8
Hirabel Pk. 73.8%

Hacienda Br. 75.9 0.4 1

{idd Fel.Br. 78.6

Buerneville 82.1 15.8 61,3 9.3 42.3

10000 15000
FEREREREEERERERERERE FRERERRESRRRREERERER

Mi.Fks. Speed Tv.Tm. Cum.Hrs. Speed Tv.Tw. Cum.Hrs.
{Hiles) (MPH) (Hours) (Hours) (WPH) (Hours) ({(Hours)

Forks of River { 0 1
Rus.Rv.Ests. 7.4

Largo Bauge 14,3 3.6 3.6

Hopland Br. 19.2 3.3 3.3 3.3 9.3
Pieta Creek 4.2

Cummiskey Sta. 27.5 4.3 4.6

Cloverdale 34,2 3.6 8.9 3.4 B.7

fAsti Rv.Rd.Br. 38.35
Geyserville 44,1
Soda Rock Ln.  50.3

Rio Lindo 8.4

Healdbg. Gauge 42.5 3.4 4,2

Heald.101 Br.  64.7 B.O 16.9 7.0 13.7
Wohler Br. 12.6 2.6 19.5 2.2 17.9
Mirabel Fk. 73.85

Hacienda Br. 7159 2.3 3

{dd Fel.br. 18.6

Buerneville B2.1 3.8 23.3 3.2 2.1

E-6

6000

FEEEEREER R LR R RRES

Speed  Tv.Tm. Cum.Hrs.
(HPH)  (Hours) (Hours)
0

3.6
5.3 e

3.9
3.9 9.2

2.4
5.6 8.8
3.3 22.0

2
4.8 26.8

20000
FERRRFEREERERERRRNEE

Speed Tv.Tm. Cum.Hrs.
(HPH!  (Hours) (Hours)
{

3.6
5.3 s

4.7
3.3 8.6

a8
b.4 15.0
.0 17.0

3.2
3.0 20.0



SPEEDS MEASURED AT DISCHARGE RATES OF 218 TO 313 CFS AT HEALDSBURG.
JURE. 1987
FORKS  ROPLAND

SITE Hi.Fks.# DIST. DIBT/2 SPEED  TRV.TH. CUNM.TH. CUHM.TH,
{Hiles)  (Hiles) {HFH}  (Hours)  (Hours)  {Hours)
FORKS OF RIVER o 1.49 0.0 0.0
VICHY SPBS. RD. 3 3 . 0.873 2.72 2.7
RUS. RIV. ESTS 11.9 8.9 §.45 1.48 g.10 10.8
LARGO BAUGE 14.3 .4 1.2 .38 1.68 12,3
HOPLAND BRIDGE 19.2 4.9 3.55 to.d 4,0
PIETA CREEK 4.2 3 4,93 i.11 4.30 0.6 4,5
CUMMISKEY STATION 27.5 3.3 163 0.773 3.62 24,2 8.1
CLOVDL. BRIDGE 34, 6.7 3.35 0,626 9.49 33.9 7.8
ASTI-RIV.RD.BRG. 38.35 4.15 2,075 0.394 8.56 §2.4 26.4
GEYSERVL. BRG. 44,1 3.79 2,873 0.586 12.20 4.6 3B.6
S0DA ROCK LANE 30.3 6.2 | 1.29 7.46% 0.3 §6.3
RIO LINDD ACAD. 3B.4 8.1 4,05 1,03 7.00 89.3 33.3
HEALDSBE. GAUBE b2, 5
HLDSBB. 101 BRG. 04,7 6.3 .96 4.3 3B.2
FOREHAN LANE 65.6 0.5 3.6 1.7 0.51 74.8 a8.8
WOHLER BRIDGE 72.6 7 o 79.8 63.8
HIRABEL PARK 73,83 1.25 4,125 1.07 1.47 Bl.0 04.9
COOKS BEACH 74.8 0.95 0.475 1.63 81.7 83.7
HACIENDA BRIGDE 758.%
(DD FELLOWS PK. 1.8 2.7 1,353 1.83 .87 83.3 47,3
00D FELLOWS BRG. 8.6 f.d .35 1.4 .80 B4, 1 08.1
GUERNVL. BRIDGE 82.1 35 3. 1B 87.3 1.2

#Mi.Fks. = Hiles downstreas from Forks

Beneral forauia for calculation of travel times:
Half-distance between gauging sites divided by the velocity (mph) at the upstream
gauge plus the half-distance divided by the velocity at the downstream gauge.



COMPARISOR OF TRAVEL TINES
FOR DISCHARGE RATES OF APPRONIMATELY 2000 cts AT HEALDSBURG

FORMALIN DATA FORMALIN DATA
PEAK 1 PEAK 2

SITE H1.FKS. DIST. TRV.TH. CUM PLUS  SPEED . MI.FKS. TRV.TH. CUM.HRS. SFEED

{Miles) {Miles) ({Hoursi (Hours) {HPH) (#iles) (Hours) (Hours! {HPH)
FORKS { 0 {4 0
LARGD 14.3 14.3
HOPLRD 19.2 4.9 0 0 19.2 0
CUR.BTA. 1.5 B.3
cLov 34.2 6.7 0 8 34.2 B B 1.88
HLD. GAGE 62.5 28.3
HEALD 84.7 2.2 13.2 21,2 2.3 4.7 13.36  I1.3e 2,28
WOHLER 72.46 1.9 3 2,83 72,6 I 436 2,63
HACIENDA Th.b 4
BUERK 8Z.1 Bl BZ.1

SPEED AT FLOW RATES OF FORMALIN SPILL#
FEEEEEEFEGPEEDS FROM EYE PICKED CURVERS#ekssssss SPEEDS FROM REGRESSI1ON CURVE

TRAVEL TIRE TRAVEL TIME

SITE HI.FKS,  SPEED TRV.TH. CUM.T.T. SPEED TRV.TH. CUM.T.T.

(Miles) {MPH)  (Hours) (Hours) (MPH)  (Hours) (Hours) * Dlischarpes during formalin spill:
FORKS .0 LARBD (Feak 2) - 1200 cts
LARGO 2.2 2,01 CUMMISKEY (Peak 1) - 2000 cfs
HOPLRD 19.2 B.7 0.0 5.6 0.0 {Peak 21 - 1400 cis
CuM.57A. 2.2 2.3 fverage - 1700 cfs
CLOV 34,2 6.8 6.8 6.4 b.B HEALDSBGE. (Peak 1) - 2100 cis
HLD. GABE 1.9 1.9 {Peak 2) - 1950 cfs
HEALD 04,7 15,3 2.1 15.2 22,0 fiverage - 2000 cts
WOHLER 4.9 27. 4.3 26.6 HRCIENDA  (Peak 1) - 3000 cfs
HACIENDA 13 1.53
GUERN 82.1 7.3 34,3 b2 3.8

USACOE FLOOD CREST DATR AT 2000 CFS OCTOBER, 1573 ACCIDENTAL RELEASE
SITE MI.FK3. TRV.TM. CUM.HRS,  SPEED TV.TH, CUM.HRS.  SPEED

(Miles) ({Hours) (Hours) {MPH) (Hours)  {Hours)  (MPH)#
FORKS
ILARBD
HOPLND 19.2 0 0 1.73 0 (2.8)
CUM.5Té. 3 3
CLav 34.2 b.36 6,36 1,89 (2.9
HLD.GAGE 14,25 17.25
HEALD 64,7 1.4 18 3.33
WOHLER {2.7)
HACIENDA 5.28 22,5
GUERN B2.1  28.2%  46.29 (.54

¥ fverage WPH between gauges



